Introduction {#Sec1}
============

Depression, characterized by symptoms of sadness, depressed mood, and loss of interest, is one of the most prevalent disorders worldwide and accounts for 5.9% of total all-cause disability-adjusted life years (DALYs)^[@CR1]^. Depression is associated with poor quality of life, prevalence of cancer, chronic diseases and suicide, and thus may contribute to an increase in mortality^[@CR2]^. Depression casts a heavy burden on families, communities and health services in both developed and developing countries^[@CR3],[@CR4]^.

The prevalence of depressive symptoms (DS) varies widely, from 1% to 16% among middle-aged and elderly people in studies conducted in Western countries^[@CR5]--[@CR7]^. One study reported DS prevalence of elderly Chinese people being 3.9% during 1980s and 1990s^[@CR8]^. Two recent meta-analysis studies reported the prevalence has been increasing rapidly because of urbanization and environmental changes in China, up to 17% among people aged 55 years and above using the Center for Epidemiologic Studies Depression Scale (CES-D)^[@CR9],[@CR10]^.

Several socio-demographic characteristics, such as age, gender, marital status, education level, and income have been associated with DS^[@CR11]^, although the evidence is not entirely consistent^[@CR7],[@CR10]^. Age is associated with DS in many studies^[@CR12]^, and interestingly, this association is inverse or U-shaped in several studies^[@CR13]--[@CR15]^. Low socioeconomic status was found to be associated with severe DS in both men and women and higher education level was related with lower risk of DS^[@CR16]--[@CR18]^. However, few studies have reported no association between income and DS^[@CR19]^ as well as between education level and DS^[@CR11],[@CR15]^. Research on the relationship between DS and lifestyles, such as smoking, drinking and BMI, to date has been scarce in mainland China. Inconsistent data with respect to lifestyle factors and DS can be found in many studies in the other countries^[@CR20]--[@CR22]^ and could be due to different study settings, races, different depression assessment scale, and cultures of participants.

Depressive symptoms have been found to be related to cancer and several chronic diseases such as stroke and Parkinson^[@CR23]--[@CR25]^. In Western countries associations of DS with cancer and chronic diseases have been mostly evaluated in clinical studies which are biased towards more acutely ill individuals and have seldom been investigated in population-based samples, who may represent a less biased sample to gauge the prevalence of depressive symptoms^[@CR26],[@CR27]^.

In the current study, using data from two population-based cohort studies, the Shanghai Women's Health Study (SWHS) and the Shanghai Men's Health Study (SMHS), we evaluate the prevalence of DS and the correlates of DS in a non-medical setting. To our knowledge, our study is one of the first to examine differences in the association of DS with chronic diseases by gender in a population-based setting, which enables a methodological advantage because psychological symptoms of those participants are the most prominent features, compared with patients in clinical study, who often present somatic complaints. Additionally, we examined whether DS was more likely to occur in an early stage of chronic disease (within 5 years of diagnosis) or a later stage of chronic disease (more than 5 years after diagnosis), to ascertain when risk for depression may be highest in the course of chronic disease in order to identify DS cases for early intervention. We also examine this issue in middle-aged and elderly adults in urban China, who represent a growing public health issue given that the proportion and number of elderly in China is set to increase rapidly so this contributes to a huge public health problem in China^[@CR9]^.

Research Design and Methods {#Sec2}
===========================

Participants {#Sec3}
------------

Participants of the SWHS and the SMHS, two population-based prospective studies, were included in this analysis. The detailed study designs of these two studies have been reported elsewhere^[@CR28],[@CR29]^. Briefly, from typical urban communities in Shanghai, China, we recruited to the SWHS 74,940 women aged 40--70 years between 1996 and 2000 with a 92.7% participation rate, and to the SMHS, 61,478 men aged 40--74 years between 2002 and 2006 with a 74.0% participation rate. Reasons for non-participation in the SWHS and SMHS were refusal (SWHS: n = 2,408, 3.0%; SMHS: n = 17,823, 21.5%), being out of area during enrollment (SWHS: n = 2,073, 2.6%; SMHS: n = 2,370, 2.9%), and other miscellaneous reasons including poor health or hearing problems (SWHS: n = 1,748, 2.1%; SMHS: n = 1,360, 1.6%). In-person follow-up of all living cohort members was implemented from 2000 to 2002, 2002 to 2004, 2004 to 2007, and 2007--2011 with response rates of 99.8%, 98.7%, 95.0%, and 91.9% respectively in the SWHS, and from 2004 to 2008, and 2008 to 2011 with response rates of 97.7% and 91.9% in the SMHS. All survey interviews were conducted by trained staff using structured questionnaires. The studies were approved by the relevant institutional review boards for human research at the Shanghai Cancer Institute (China) and Vanderbilt University (United States) and all investigation methods were performed in accordance with relevant guidelines and regulations. Written, informed consent was obtained from all participants.

Data collection {#Sec4}
---------------

Structured questionnaires were used at the baseline and follow-up surveys to collect information on socio-demographics, behavior and lifestyles, history of diseases and anthropometric measurements. The follow-up surveys collected information on DS, survival status, and incidence of cancers and other selected chronic diseases and updated exposure information (such as dietary intake, weight, smoking and drinking, etc.).

Depressive symptoms (DS) {#Sec5}
------------------------

At the fourth follow-up in the SWHS and the second follow-up in the SMHS, information on DS was collected using 7 questions below adapted from a validated Chinese version of the Center for Epidemiologic Studies Depression Scale (CES-D)^[@CR30]^, which included the standard 20-item CES-D questions plus an additional 6 items specifically developed for Chinese participants. These questions were: (1) I felt that I could not get rid of depressed emotion even with help from my relatives and friends; (2) I felt I was in a blue mood; (3) I was happy; (4) I cried; (5) I felt I couldn't go on with the routine of living; (6) I felt that so many words should be said, but I couldn't find the appropriate chance to say them; (7) I felt that nobody could be trusted. The answer to each of these questions was the number of days in which the symptom was experienced in the past week, from 0 days to 7 days. While representing a shortened measure, these seven questions covered all four factors of the 20-item CES-D, which included depressed affect (question 1, 2 and 4 in current study), somatic retarded activity (question 5), interpersonal relations (question 6 and 7) and positive affect (question 3). The distribution of answers for question 3 (a positive item which was infrequently endorsed) suggested that this question may have been misinterpreted by the study participants because it was presented in the opposite direction of the other questions. Because this positive item appeared to be interpreted differently by our Chinese respondents and did not measure depressed mood in the same way as other items, it was excluded, thus acting to improve the reliability of the remaining questions^[@CR30]^. According to a separate validation study of this shortened measure, we found it is comparable to use a 6 item instead of 26 item scale and to use DS score ≥4 as representing the cutoff for high DS in our analysis: (1) In a separate cohort study (Shanghai breast cancer survival study, SBCSS) of 5042 breast cancer survivors that was conducted in Shanghai China during the same study period as our DS survey in the SWHS and SMHS, we used the 26-item culturally-adapted and validated Chinese version of the CES-D in this survey. In this dataset: (a) We first calculated scores using all 26 items from Chinese version of the CES-D and all 20 items from standard CES-D, respectively, and (b) then separately, calculated subscale scores for the 6 items that we selected from Chinese version of the CES-D representing DS as per above. The correlation of our shortened 6-item scale with 20- and 26-item score was high (r = 0.81 and 0.84, respectively) and most variation (71%) in the 26-item score could be captured by the score in our shortened 6-item scale. (2) Using this initial validation from a separate sample as a basis, we evaluated the 6 identified questions in our current study. To evaluate reliability, we calculated Cronbach's alpha of 0.78, which indicated that this scale had good reliability in this sample. (3) We assumed a unitary "depression factor" that could be measured by the score from our shortened 6-item scale and conducted a confirmatory factor analysis with the 6 items. Goodness-of-fit index was high (GFI = 0.95), which expresses that a single factor, overall depression construct, can capture most of variance among 6 items. (4) Individual scores were summed across each of the six questions to yield a total score from 0 to 42 in current study, with a higher score reflecting higher frequency of DS. Using the data in the SBCSS, We made a regression analysis of standard 20-item score on 6-item scale and found predicted value of 6-item scale was 3.5, given that the standard 20-item score = 16. Thus, following the CES-D score = 16 that indicates probable clinical depression^[@CR31]^, this translated into a 6-item score = 4 (because our scale only counted whole integers), with a good AUC of 85.8% in current study. We conducted a sensitivity analysis using scores of 3, 4 or 5 as cut-off points to identify high DS for both men and women respectively and found data patterns to be similar no matter what cut-off point was used in analyses. Accordingly, we used scores = 4 to identify high DS for both men and women, which signifies risk for clinical depression. We applied the following three categories in the current study: 0 (no DS), DS score of 1--3 (some DS), and DS score ≥4 (high DS).

Socio-demographics and lifestyle factors {#Sec6}
----------------------------------------

Socio-demographic factors including gender, marital status, education, income and occupation assessed at the baseline survey for both women and men were used in current analysis. Age was recorded at the time of DS assessment. Information on lifestyle and BMI were collected at the baseline survey and updated during follow-up surveys prior to the DS assessment: data on ever smoking or drinking and amounts smoked and drank were collected at the baseline survey in both the SWHS and SMHS. Current smoking and drinking habits were evaluated in the fourth follow-up among women in the SWHS, while in men, current smoking data was collected in the first follow-up survey and current drinking was estimated in the baseline survey. Leisure-time physical activity was obtained from the third follow-up of the SWHS and from the baseline survey of the SMHS. BMI was calculated using the information from the baseline survey of the SMHS and the third follow-up of the SWHS (please see footnotes of tables for detailed information of time windows in data collection).

Diseases {#Sec7}
--------

Information on occurrence of cancers and chronic diseases such as diabetes, hypertension, myocardial infarction, stroke, Parkinson's disease, and bone fracture was collected at baseline and updated in the follow-up surveys. Only disease cases diagnosed before DS assessment were included in the current analysis.

Statistical analysis {#Sec8}
--------------------

This study included 103,595 participants, 50,006 from the SMHS and 53,589 from the SWHS who participated in the DS survey. In the analysis, age at the time of DS assessment was grouped into three categories: \< 60 years, 60--69 years, and ≥70 years. Other factors included in the analysis were: marital status (married, widowed and other (divorced/single/separated)), educational level (elementary school or less, middle school, high school, and college or above), annual per capita income (\<6000, 6000- and ≥10000 yuan in the SMHS and \<4000, 4000- and ≥8000 yuan in the SWHS), job held longest (manual worker, clerical, or professional), and smoking status (non-smokers, past smokers and current smokers). The quantity of smoking was categorized into 3 groups: non-smokers, \<35 packs/year, and ≥35 packs/year. Alcohol drinkers were grouped into three categories: non-drinkers, past drinkers, and current drinkers. The quantity of alcohol consumed was classified into 3 categories: non-drinkers, \<1.0 drinks/day, and ≥1.0 drinks/day. BMI was calculated as weight in kilograms divided by the square of height in meters and was divided into four groups: \<18.5, 18.5--24.9 (reference), 25--29.9 and ≥30. Leisure-time physical activity was presented as a dichotomous variable (yes/no).

One-way ANOVA (Wilcoxon test for skewed data) or *χ*^2^ test was applied to evaluate differences between individuals with and without DS. Using the absence of DS as a reference, a polynomial logistic regression model was used to calculate odds ratios (ORs) and their 95% confidence intervals (95% CIs) for a low depression score (DS score = 1--3) and high depression score (DS score                    ≥ 4) associated (no DS as reference) with age, gender, marital status, education level, occupational status and individual income with mutual adjustments. A trend test was carried out by entering the categorical variables as continuous parameters in the models. We analyzed the associations between DS and lifestyle factors, adjusted for the socio-demographic factors mentioned above, and analyzed the associations between DS and cancer and other chronic diseases adjusted for both socio-demographic and lifestyle factors. All analyses were carried out using Statistical Analysis System (SAS, version 9.4; SAS Institute, Cary, NC). The significance level was *P* ≤ 0.05 based on two-sided tests.

Researchers who wish to gain access to the data used in this study can visit our website (<https://www.mc.vanderbilt.edu/swhs-smhs/index.html>) and submit an application according to the data & biological sample guidelines of the Shanghai Men's Health Study and Shanghai Women's Health Study.

Results {#Sec9}
=======

The average age of participants at the time of the depression survey was 61.8 years (standard deviation: 9.3 years).The overall prevalence of DS was 4.1%. Prevalence was lower in men than women (2.4% in men and 5.6% in women, *P* \< 0.01). Of participants who reported DS, 60.5% reported one symptom, 21.6% reported two symptoms, 8.5% reported three, and 9.4% reported more than three symptoms.

Table [1](#Tab1){ref-type="table"} shows differences in socio-demographics, lifestyle factors, and health conditions between individuals with and without DS (DS counts all people with DS score ≥1). Both men and women with DS were older, had lower incomes and BMI, and had a higher prevalence of chronic diseases or cancer than those who reported no DS. Women were also more likely to report DS if they were current smokers, not married, were manual workers, or had a lower education level. These correlations, however, were not observed in men.Table 1Socio-demographic characteristics and lifestyle factors of participants in the SMHS and SWHS.Total (N = 103595)MaleFemaleNo DS\* (N = 48783)DS\* (N = 1223)P valueNo DS\* (N = 50607)DS\* (N = 2982)P value**Age** (years, $\documentclass[12pt]{minimal}
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                \begin{document}$$\bar{x}$$\end{document}$± *SD*)^b^61.8 ± 9.360.9 ± 9.662.5 ± 10.1\<0.000162.6 ± 8.963.9 ± 9.2\<0.0001**Age**(%)^b^  \<6052708 (50.9)26598 (97.9)582 (2.1)\<0.000124233 (94.9)1295 (5.1)\<0.0001  60-25062 (24.2)11086 (97.6)274 (2.4)12994 (94.8)708 (5.2)  ≥7025825 (24.9)11099 (96.8)367 (3.2)13380 (93.2)979 (6.8)**Marriage**(%)^a^  Married90836 (93.1)41694 (97.6)1039 (2.4)0.973745497 (94.6)2606 (5.4)\<0.0001  Widowed3905 (4.0)244 (97.6)6 (2.4)3404 (93.1)251 (6.9)  Others2781 (2.9)928 (97.7)22 (2.3)1706 (93.2)125 (6.8)**Education**(%)^a^  Elementary or under14537 (14.0)3074 (97.1)91 (2.9)0.181810584 (93.1)788 (6.9)\<0.0001  Middle or high school70654 (68.2)34231 (97.5)861 (2.5)33663 (94.7)1899 (5.3)  College or above18404 (17.8)11478 (97.7)271 (2.3)6360 (95.6)295 (4.4)**Income (RMB/person/year**, %**)**^a**,\*\***^  \<6000(4000)14829 (14.3)6111 (97.1)180 (2.9)0.00047941 (93.0)597 (7.0)\<0.0001  6000(4000)-79245 (76.6)37915 (97.5)960 (2.5)38180 (94.6)2190 (5.4)  ≥10000(8000)9418 (9.1)4663 (98.3)81 (1.7)4479 (95.8)195 (4.2)**Occupation(**%)^a^  Manual worker53831 (52.0)25341 (97.5)658 (2.5)0.219526154 (94.0)1678 (6.0)\<0.0001  Clerical22006 (21.2)10638 (97.8)242 (2.2)10528 (94.6)598 (5.4)  Professional27702 (26.8)12750 (97.5)321 (2.5)13925 (95.2)706 (4.8)**BMI**(kg/m^2^, %)^a,b^  \<18.53420 (3.3)1418 (95.1)73 (4.9)\<0.00011766 (91.6)163 (8.4)\<0.0001  18.5-64212 (62.0)30444 (97.6)752 (2.4)31254 (94.7)1762 (5.3)  25-32091 (31.0)15499 (97.7)370 (2.3)15302 (94.3)920 (5.7)  ≥303872 (3.7)1422 (98.1)28 (1.9)2285 (94.3)137 (5.7)**Leisure-time physical activity** ^d^  No64336 (62.1)31554 (97.7)750 (2.3)0.015330210 (94.3)1822 (5.7)0.1285  Yes39259 (37.9)17229 (97.3)473 (2.7)20397 (94.6)1160 (5.4)**Current smokers** (%)^c^  No70418 (72.8)17458 (97.4)471 (2.6)0.091949596 (94.5)2893 (5.5)0.0002  Yes26238 (27.2)24542 (97.6)596 (2.4)1011 (91.9)89 (8.1)**Current drinkers** (%)^d^  No86504 (83.5)34364 (97.5)877 (2.5)0.337648389 (94.4)2874 (5.6)0.0475  Yes17091 (16.5)14419 (97.7)346 (2.3)2218 (95.4)108 (4.6)**Diseases**(%)^e^  No38992 (37.6)16398 (98.1)319 (1.9)\<0.000121305 (95.6)970 (4.4)\<0.0001  Yes64603 (62.4)32385 (97.3)904 (2.7)29302 (93.6)2012 (6.4)\*DS: Depressive symptoms. \*\*Cut points for females in brackets.^a^Data from baseline survey for both SMHS and SWHS.^b^Data from the second follow-up of the SMHS and the fourth follow-up of the SWHS.^c^Data from the first follow-up of the SMHS and the fourth follow-up of the SWHS.^d^Data from the baseline survey of the SMHS and the fourth follow-up of the SWHS.^e^Data from the baseline survey and all follow-ups in both the SMHS and the SWHS. Diseases include diabetes, hypertension, stroke, myocardial infarction, bone fracture, Parkinson's, cataract, hepatitis, prostate, and cancer. All these diseases were diagnosed before the depressive symptom survey.

Table [2](#Tab2){ref-type="table"} presents odds ratios of DS categories in association with socio-demographic factors by gender. Age was significantly associated with DS in both men and women. The ORs of having some and high DS increased about 1.6 (95% CI: 1.3--1.9) and 1.7 (95% CI: 1.3--2.2) times for men aged ≥70 years; and 1.2 (95% CI: 1.0--1.4) and 1.5 (95% CI: 1.2--1.8) times for women aged ≥70 years, compared to those \<60 years. Significant associations with other socio-demographic factors were observed only in women: being unmarried (including divorced, single and separated) was associated with high DS (OR = 1.3, 95% CI: 1.0--1.8), while a high education level, high income were associated with 17%- 34% reduced odds ratio of having a high DS, respectively.Table 2Associations of socio-demographic characteristics and depressive symptoms by gender\*\*.MaleFemaleSome DS (N = 845)High DS (N = 378)Some DS (N = 1817)High DS (N = 1165)**Age** (years)  \<601.01.01.01.0  60-1.15 (0.96--1.38)1.35 (1.03--1.76)0.98 (0.87--1.13)1.18 (1.01--1.38)  ≥701.59 (1.33--1.90)1.71 (1.31--2.24)1.17 (1.01--1.35)1.47 (1.23--1.76)*P* for trend\<0.0001\<0.00010.1076\<0.0001**Marriage**  Married1.01.01.01.0  Widowed0.39 (0.10--1.59)1.77 (0.65--4.80)0.95 (0.79--1.15)1.18 (0.96--1.45)  Others0.88 (0.52--1.51)1.23 (0.60--2.49)1.23 (0.97--1.56)1.33 (1.00--1.79)**Education**Elementary or under1.01.01.01.0Middle or high  school1.15 (0.87--1.53)1.07 (0.71--1.63)1.05 (0.90--1.22)0.84 (0.71--1.01)College or above1.03 (0.74--1.45)1.19 (0.73--1.93)0.98 (0.79--1.22)0.66 (0.50--0.87)*P* for trend0.72020.42320.74390.0024**Occupation**Manual worker1.01.01.01.0Clerical0.95 (0.79--1.13)0.77 (0.58--1.02)0.92 (0.81--1.04)0.95 (0.82--1.11)Professional0.92 (0.75--1.13)1.00 (0.74--1.34)0.89 (0.78--1.02)0.88 (0.74--1.05)**Income(RMB/person/year)\***\<6000(4000)1.01.01.01.06000-(4000-)0.80 (0.65--0.97)0.75 (0.56--1.02)0.82 (0.72--0.93)0.87 (0.75--1.01)≥10000(8000)0.53 (0.38--0.75)0.65 (0.40--1.04)0.73 (0.58--0.90)0.68 (0.51--0.91)*P* for trend0.00010.06950.00040.0075\*Cut points in brackets are for females.\*\*Low and high depression score represent that participants had depressive symptoms in 1--3 days and ≥4 days, respectively. Age, marriage, education level, occupation and income were mutually adjusted in the polynomial logistic regression.

The associations between DS and lifestyle factors are presented in Table [3](#Tab3){ref-type="table"}. Having a low BMI was significantly associated with DS in both men and women. ORs associated with BMI of less than 18.5 were 1.8 (95% CI: 1.4--2.5) and 2.2 (95% CI: 1.5--3.3) for some and high DS in men and 1.5 (95% CI: 1.2--1.8) and 1.7 (95% CI: 1.3--2.2) for some and high DS in women, respectively, compared those with normal BMI (18.5--24.9). In female smokers, both currently smoking and amount smoked (packs/year) were associated with an over 1.5 times higher likelihood of having high DS. Leisure-time physical activity was inversely associated with high DS in women (OR = 0.8; 95% CI: 0.7--0.9), but not in men. We did not find alcohol consumption to be associated with DS in either men or women.Table 3Association of lifestyle factors and depressive symptoms by gender\*.MaleFemaleNSome DS (N = 845)High DS (N = 378)NSome DS (N = 1817)High DS (N = 1165)**Smoking**  No145041.01.0518031.01.0  Past103641.15 (0.94--1.39)1.25 (0.94--1.65)6861.04 (0.70--1.55)1.39 (0.93--2.08)  Current^c^251381.11 (0.93--1.32)1.06 (0.82--1.36)11001.19 (0.88--1.61)1.61 (1.18--2.20)**Quantity of smoking** (Pack/year)^a^  No152041.01.0521671.01.0  \<35238891.18 (0.97--1.44)1.00 (0.75--1.34)7041.07 (0.72--1.59)1.40 (0.91--2.15)  ≥35109131.04 (0.86--1.26)1.17 (0.89--1.53)7181.27 (0.89--1.81)1.45 (1.00--2.09)*P* for trend0.50960.29640.18410.0172**Alcohol consumption**  No331101.01.0505001.01.0  Past21311.19 (0.88--1.63)1.70 (1.15--2.53)7630.74 (0.47--1.16)1.02 (0.64--1.63)  Current^d^147651.00 (0.85--1.16)0.94 (0.74--1.18)23260.76 (0.59--1.00)0.88 (0.66--1.19)**Quantity of drinking**(drink/day)^a^  No331101.01.0524981.01.0  \<1.0033270.88 (0.66--1.18)0.74 (0.47--1.19)8540.74 (0.48--1.13)0.66 (0.38--1.15)  ≥1.00133261.06 (0.91--1.24)1.11 (0.88--1.39)2370.83 (0.39--1.76)1.52 (0.78--2.98)*P* for trend0.54760.48210.19100.9550**BMI(**kg/m^**2**^**)**^**a,b**^  \<18.514911.83 (1.35--2.48)2.22 (1.47--3.34)19291.48 (1.20--1.84)1.71 (1.33--2.21)  18.5-311961.01.0330161.01.0  25-158690.96 (0.83--1.12)0.96 (0.77--1.20)162220.96 (0.86--1.07)1.12 (0.98--1.27)  ≥3014500.88 (0.57--1.35)0.55 (0.24--1.23)24220.98 (0.78--1.23)0.94 (0.71--1.25)*P* for trend0.01960.00830.02860.3682**Leisure-time physical activity** ^**e**^  No323041.01.0320321.01.0  Yes177021.06 (0.91--1.24)0.95 (0.76--1.20)215570.92 (0.83--1.01)0.84 (0.74--0.95)\*Using polynomial logistic regression adjusted for age (continuous), marriage, income, occupation and education.^**a**^Data from baseline survey of both SMHS and SWHS.^**b**^Data from the second follow-up of the SMHS and the fourth follow-up of the SWHS.^**c**^Data from the first follow-up of the SMHS and the fourth follow-up of the SWHS.^**d**^Data from the baseline survey of the SMHS and the fourth follow-up of the SWHS.^**e**^Data from the baseline survey of the SMHS and the third follow-up of the SWHS.

Table [4](#Tab4){ref-type="table"} presents associations of cancer and selected chronic diseases with prevalence of DS stratified by interval (in 5 year increments) between disease diagnosis and initial DS assessment. The prevalence of DS in Parkinson's patients was 8.5% (4.3% for men and 11.8% for women), the highest among all individuals with chronic diseases evaluated in the current study. Parkinson's disease was significantly associated with high DS in both men and women, with ORs of 3.1 (95% CI: 1.3--7.7) in men and 2.7 (95% CI: 1.6--4.7) in women, but this association was only significant in women more than 5 years after their Parkinson's diagnosis, while in men, this association was only significant among those who were within 5 years post-diagnosis. Stroke was significantly associated with some and high DS, with OR ranged from 1.5 to 2.2 for both men and women regardless of the interval between stroke diagnosis and the depression assessment. Similarly, cancer was associated DS (OR = 1.5; 95% CI: 1.0--2.3 for some DS and OR = 3.3; 95% CI: 2.2--5.0 for high DS) in men, and (OR = 1.7; 95% CI: 1.2--2.3 for some DS and OR = 1.9; 95% CI: 1.4--2.7 for high DS) in women. In men, these associations were observed among survivors whose cancer was diagnosed within 5 years of the cancer diagnosis. But in women, these associations were significant, with the exception of some DS among those who were more than 5 years post-cancer diagnosis. Other chronic diseases, including hypertension, cataracts, bone fracture, myocardial infarction and prostatic disease were associated with DS, with ORs of 1.1--2.2. We found no significant associations between diabetes (defined according the criteria of American Diabetes Association), hepatitis and DS.Table 4Association of diseases and depressive symptoms by gender and by 5-year increment between diagnosis and depression survey\*.MaleFemaeTotalDSSome DSHigh DSTotalDSSome DSHigh DS**Stroke**  No4642110641.01.04955326141.01.0  Yes35851591.51 (1.20--1.89)2.18 (1.62--2.94)40363681.52 (1.30--1.79)1.76 (1.47--2.09)    \<5 years1798881.89 (1.44--2.49)1.99 (1.32--2.99)23232161.57 (1.29--1.91)1.82 (1.46--2.26)    ≥5 years1555651.21 (0.85--1.73)2.33 (1.56--3.49)16731511.49 (1.18--1.88)1.71 (1.32--2.21)**Myocardial infarction**  No4918611911.01.05320129501.01.0  Yes820321.75 (1.17--2.62)0.82 (0.36--1.85)388321.74(1.13--2.66)0.91(0.47--1.78)    \<5 years412182.21 (1.33--3.67)0.59 (0.15--2.39)242242.07(1.26--3.40)1.13(0.53--2.40)    ≥5 years408141.31 (0.69--2.48)1.00 (0.37--2.73)13881.26(0.56--2.87)0.58(0.14--2.36)**Diabetes**  No4526710791.01.04810226171.01.0  Yes47391441.18 (0.95--1.47)1.31 (0.96--1.78)54873651.12 (0.97--1.30)1.16 (0.97--1.38)    \<5 years1578421.07 (0.73--1.57)1.24 (0.72--2.12)16181091.25 (0.98--1.61)1.11 (0.81--1.53)    ≥5 years31561001.21 (0.94--1.57)1.32 (0.91--1.90)38622551.07 (0.89--1.28)1.17 (0.95--1.43)**Hypertension**  No325457051.01.03387617761.01.0  Yes174615181.34 (1.16--1.56)1.37 (1.10--1.71)1971312061.10 (0.99--1.22)1.16 (1.02--1.31)    \<5 years2472811.41 (1.05--1.89)1.92 (1.30--2.82)28871741.10 (0.90--1.36)1.22 (0.95--1.56)    ≥5 years149804361.33 (1.14--1.55)1.26 (1.00--1.59)1656610091.10 (0.98--1.22)1.12 (0.98--1.27)**Cancer**  No4908611721.01.05277529051.01.0  Yes920511.54 (1.04--2.30)3.31 (2.18--5.03)814771.66 (1.22--2.26)1.92 (1.35--2.74)    \<5 years849501.61 (1.07--2.42)3.60 (2.37--5.48)538572.10 (1.49--2.95)1.91 (1.23--2.98)    ≥5 years711------276200.86 (0.42--1.74)1.93 (1.08--3.46)**Parkinson's**  No4984412161.01.05338529581.01.0  Yes16270.62 (0.15--2.53)3.13 (1.26--7.75)204241.45 (0.77--2.75)2.71 (1.56--4.71)    \<5 years7251.51 (0.37--6.19)4.65 (1.44--14.9)9370.61 (0.15--2.50)2.04 (0.82--5.06)    ≥5 years892------110172.23 (1.08--4.62)3.35 (1.68--6.70)**Hepatitis**  No4447810891.01.05207528811.01.0  Yes55281340.87 (0.69--1.10)1.34 (1.00--1.80)15141011.18 (0.91--1.54)1.33 (0.97--1.82)    \<5 years14460.86 (0.21--3.47)3.90 (1.42--10.7)11140.54 (0.13--2.19)0.88 (0.22--3.58)    ≥5 years53761280.87 (0.69--1.10)1.28 (0.94--1.73)1398971.24 (0.94--1.62)1.37 (0.99--1.89)**Cataract**  No4468810291.01.0421722106  Yes53181941.38 (1.12--1.70)1.40 (1.04--1.89)114178761.53 (1.35--1.72)1.50 (1.30--1.73)    \<5 years2312921.52 (1.15--2.01)1.59 (1.08--2.35)44613361.44 (1.22--1.69)1.63 (1.35--1.96)    ≥5 years29681001.25 (0.95--1.64)1.22 (0.82--1.81)67975321.61 (1.40--1.86)1.35 (1.14--1.61)**Bone fracture**  No355888491.01.04618424911.01.0  Yes144183741.01 (0.87--1.18)1.26 (1.02--1.57)74054911.16 (1.02--1.32)1.28 (1.10--1.50)    \<5 years1014320.99 (0.61--1.61)2.07 (1.23--3.51)34442551.31 (1.10--1.56)1.46 (1.19--1.79)    ≥5 years133963421.02 (0.87--1.18)1.20 (0.96--1.50)37102201.04 (0.86--1.25)1.11 (0.90--1.39)**Prostatic disease**  No4754411141.01.0  Yes24621091.67 (1.30--2.16)2.21 (1.58--3.08)    \<5 years2070931.76 (1.34--2.30)2.11 (1.46--3.04)    ≥5 years372131.13 (0.53--2.39)2.10 (0.93--4.76)\*Using polynomial logistic regression adjusted for age (continuous), marriage, income, education, occupation, smoking, drinking, BMI and leisure-time physical activity.

Discussion {#Sec10}
==========

In this large population-based study of men and women of age 43--84 years (average of 60.9 and 62.7 years for men and women respectively) in urban Shanghai, we found a prevalence of DS of 4.1%, a rate that is lower than some recent reports from cities of west China and rural areas^[@CR11],[@CR15],[@CR32]^. However, given the continuing stressors from rapid economic growth and urbanization, the prevalence of DS in urban China is likely to increase in the future. Our findings represent an important contribution to public health in China, given that understanding the mental health needs of the elderly is crucial due to their rapidly-expanding numbers^[@CR33],[@CR34]^. Our finding is consistent with another report which found the exact same prevalence of DS (4.1%) among middle and elderly residents of Shanghai but a much higher prevalence rate among people living in Beijing (14.9%)^[@CR14]^. While the reason underlying the vast difference in DS prevalence between these two major Chinese cities is unknown, differences in lifestyle, dietary habit, living environment and prevalence of chronic diseases may be one of the attributes. We found that prevalence of DS was twice as high in women as in men, similar to findings from a larger number of studies using similar assessments^[@CR17],[@CR18]^ as well as recent reports on major depression disorder^[@CR35]^. In addition, old age was positively associated with DS, while both income and BMI were inversely associated with DS. In women, having a professional occupation, a high education level, and exercise regularly were all associated with reduced prevalence of DS, while being unmarried or currently smoking was significantly associated with increased prevalence. Cancer and several other chronic diseases, including stroke, Parkinson's disease, hypertension, cataracts, prostatic diseases, as well as bone fracture, were significantly associated with increased prevalence of DS in both men and women.

Our finding that aging was associated with DS in both men and women is consistent with several previous reports^[@CR12],[@CR36],[@CR37]^. Aging is characterized by important biological, psychological and social changes, and thus may affect DS prevalence. The association could also result from changes that often come in later life, including retirement, the death of loved ones, increased isolation, and medical problems^[@CR37]^. Due to the one-child policy, many elderly people may be forced to live alone or with their spouse only; further, family support from younger generations is shrinking, all of which could be important mechanisms of DS in the elderly^[@CR38]^. Social determinants (such as education, income, occupation and gender) are important factors in the development of DS. Women are nearly twice as likely as men to exhibit DS in our study. The reasons for this are multifactorial and include biological and environmental factors, including but not limited to: a longer life expectancy and a higher widowhood rate, work overload, and unequal power and status for women in China^[@CR9]^. Another biological factor includes sex hormones that play an important role in gender differences in the prevalence of DS^[@CR39],[@CR40]^. Income, a strong indicator of current socioeconomic position, was reported to be associated with reduced DS in many studies^[@CR14],[@CR17],[@CR18]^. Our study confirmed this association. Education, an important contributing factor for socioeconomic status, has often been linked DS with advanced education being associated with low prevalence of DS^[@CR10],[@CR14],[@CR32],[@CR41]^. Education, as a source of human capital, may motivate and facilitate individuals in pursuing fundamental outcomes that include emotional well-being^[@CR42]^, and it also precedes and influences other socioeconomic factors such as income and occupation that are themselves related to DS. However, in our study, this protective effect of education on DS was observed only in women because women with a high education level and income may be better endowed with resources, such as coping style, self-esteem, mastery, and locus of control, that could buffer the impact of stress-induced DS^[@CR43]^ Other factors, including geography and urbanization, are found to be important factors in DS development, especially in China because from 2012 more than half of its population live and work in urban areas and there has been massive rural-to-urban migration to Chinese cities^[@CR44]^. In a 2011 Migration and Quality of Life Survey, Chen *et al*. reported highly populated cities along the eastern coast such as Shanghai illustrated potential effects of urbanization as a stressor for mental health^[@CR45]^.

In a Hong Kong study, Li *et al*. found that underweight individuals had a high prevalence of DS and overweight ones a low prevalence, compared to those in the normal weight range^[@CR46]^. Yu *et al*. found that thin men had a higher prevalence of DS than normal weight men in Taiwan^[@CR47]^. In rural China, obese men were found to be less likely to suffer from DS, compared with normal weight men^[@CR48]^. Consistent with these Chinese studies, we found that BMI was negatively associated with prevalence of DS in men and in women. However, in two meta-analysis studies, one for cohort studies and another for cross-sectional studies, mainly conducted in Western populations, reported a significantly positive association between DS and obesity^[@CR49],[@CR50]^. A United States-based study reported that major depressive symptoms were associated with a low BMI in men but a high BMI in women^[@CR22]^. A study in the Netherlands observed a significant U-shaped association between BMI (underweight, normal, overweight and obesity) and DS, i.e., both obesity and underweight were associated with an increased risk of DS^[@CR51]^. The underlying mechanism for this discrepancy is not entirely clear. Among middle-aged and elderly Chinese people, the prevalence of obesity is low (3.7% in this study) and severe obesity is rare; the association pattern might be explained by the 'happy mind and fat body' culture because many overweight or modestly obese people tend to be more optimistic and happier than those who are thinner in China^[@CR21],[@CR46]^. But in Western countries, obesity, particularly morbid obesity, could be related to greater stress, stigma, chronic diseases and devaluation, causing obese people to suffer lower self-esteem and have a more negative self-image, resulting in more DS^[@CR49]^. Although several studies reported that BMI or obesity is inversely correlated with DS, some of them only observed the impact of DS on BMI and did not observe an inverse effect of BMI on DS as we did in our study. This directionality could lead to a different conclusion. Forman-Hoffman *et al*. reported that the effects of DS on weight differ by gender, and concluded that DS at baseline may predict both weight loss and weight gain^[@CR52]^. However, Konttinen *et al*. reported that men with depressive symptoms were likely to have a higher BMI, while women with a higher BMI were likely to develop depressive symptoms^[@CR53]^. In middle aged and elderly Asian populations, depression can lead to weight loss rather than obesity, and being underweight may elicit DS unlike among Westerners who show a positive relationship between depression and obesity. These findings have implications for public health interventions by gender in China^[@CR54]^.

Groffen *et al*. reported that only current smoking, not past smoking, was associated with DS in white women in US^[@CR55]^. Current smoking was associated with increased prevalence of DS in the Korean and Japanese female populations^[@CR56],[@CR57]^. On the other hand, a study in Eastern Europe found that current and past smoking was associated with DS in men but not in women^[@CR58]^. Effects of smoking on DS are complex: Nicotine has antidepressant properties, releasing dopamine in the mesolimbic reward pathway, thereby elevating mood and relieving stress^[@CR59]^. However, evidence has also suggested that smoking increases a person's risk of DS as a result of changes in neurophysiology^[@CR60]^. In our study, ever smoking rate in men was 71% (50.3% for current smoking, 20.7% for past smoking), much higher than in many western countries, but the prevalence of DS was low (2.4%). We found no statistical difference in DS between smokers and non-smokers among men in our study. However, smoking rate was low in women (2.0%) in our study, and female current smokers had a high prevalence DS compared with non-smokers. It is unclear whether such association was caused by women with DS seeking stress relief via smoking. An alternative explanation is that smoking was not socially acceptable for women, especially in urban China. Thus, female smokers could have low self-esteem which led to an increase of DS^[@CR57],[@CR61]^.

Another contribution was that our study assessed whether DS was more likely to occur in an early vs. late stage of chronic disease (i.e., within 5 years of diagnosis, or after this period) to identify when risk for depression is most elevated. Depression is a significant problem for cancer patients in particular, either as a pre-existing or co-existing condition, or as a consequence of cancer diagnosis and treatment. Several studies have reported that the associations of cancer with DS lasted for varying lengths of time depending on the type of cancer^[@CR23],[@CR62]^. However, few studies have focused on assessing DS among long-term cancer survivors in a non-medical setting^[@CR62],[@CR63]^. In our population-based study, we found an increased DS prevalence primarily within 5 years post-cancer diagnosis. This association persisted but was attenuated when the time interval since diagnosis increased to beyond 5 years in women. These findings suggest a need of proper intervention and care for mental health for cancer survivors, particularly during the period soon after cancer diagnosis. Consistent with previous findings^[@CR24],[@CR25]^, we found that patients with Parkinson's disease or stoke had an increased prevalence of DS that appeared relatively consistent both before and after 5 years post-diagnosis. These associations call for a long term management/treatment approach.

Our study has many strengths, including a large sample size, a population-based design, and adjustment for a wide range of socioeconomic characteristics, lifestyle factors, chronic diseases, and cancer. Another noticeable strength is that the measure of all physical illnesses took place prior to the CES-D measurement, minimizing the risk of reverse causation. However, several limitations of our study should also be acknowledged. (1) The relatively low participation rate of 74.0% among men in the SMHS, compared with that of women in the SWHS, could lead to selection bias in parameter estimation. Reasons for non-participation included refusal, being out of the area during enrollment and other miscellaneous reasons, including health and hearing problems. However, lower participation of men is consistent with other large psychiatric epidemiology studies^[@CR64]^, including those conducted in China^[@CR65]^. A study from the Danish National Birth Cohort reported that in a cohort study based on prospective data, the decision to participate cannot be based on future outcomes; this suggests a minimal risk of bias in our study given that DS outcomes were collected prospectively^[@CR66]^. (2) We used data from two large cohort studies: the SWHS and the SMHS. However, these datasets did not allow examination of some key risk factors, including but not limited to early childhood adversity and psychosocial stress at work. (3) We only included 6 CES-D questions instead of the full 20- or 26-item measure in the study, which may not have captured all possible DS and therefore could have resulted in an underestimate of the prevalence of DS in our study population. Further, the CES-D indicates the likelihood of clinical depression, not clinical depression itself. Our study would have been strengthened if our shortened DS measure was validated by a sub-sample where clinical interviews were conducted to evaluate our shortened measure's ability to accurately detect clinical depression. However, these concerns are at least somewhat mitigated by the psychometric analyses that we conducted above on our 6-item measure. (4) Our study was conducted among long-term urban residents in Shanghai, one of the most developed cities in China. Thus, the results of our study may not be generalizable to all Chinese, particularly those living in rural areas or those who migrated to urban areas.

In conclusion, in this large population-based study of 103,595 Chinese women and men, we found that 2.4% and 5.6% of middle-aged and elderly Chinese men and women living in Shanghai experienced DS. Age and several socio-demographic characteristics and lifestyle factors, such as education, income, smoking, cancer and several chronic diseases were associated with DS. In future studies, qualitative approaches would be quite valuable in further elucidating the nature of DS among elderly, and whether these are tied to perceived changes in aging, health status, socioeconomic status, or cultural standing in relation to modernization. Findings of our study are value for development of prevention programs in identifying elderly individuals with DS for early intervention.
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